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Abstract. We present here the 7.0-8ih spectrum of the evidence of its presence. They derivedg Gpper limit of the
bright reflection nebula NGC 7023. Our observations are maaieler of<0.01% of the cosmic carbon abundance in the diffuse
with the Short Wavelength Spectrometer (SWS) on the Eunmedium, and approximately0.7% of the carbon abundance in
pean satellite Infrared Space Observatory (ISO). The vibratiomdira stars.
bands of the ionized fullerene/ are expected at 7.11 and More recently, Clayton et al. (1995) have searched for the
7.51um, while those of the neutral fullereng{Care expected infrared (IR) emission feature ofgg at 8.6um in the spec-
at 7.0 and 8.4xm. We estimate an upper limit in NGC 7023ra of R Coronae Borealis stars. No feature was seen in these
for the G}, abundance o£0.26% of the interstellar abundancesarbon-rich, hydrogen-deficient stars to a level of 2% of the
of carbon, while G, contains<0.27% of interstellar carbon. continuum. According to these authors, only the evolved car-
bon star IRC+10216 possibly shows a gré band that may be
Key words: ISM: dust, extinction — ISM: lines and bands -assigned to &.
ISM: molecules What is the dominant ionization state ofdn the inter-
stellar environment? We consider recent ionization models for
PAHs (Bakes & Tielens 1995; Salama et al. 1996; Dartois &
d’'Hendecourt 1997). The comparison between PAHs agd C
is relevant, as the ionization potentials foj@nd PAHSs of the
Kroto et al. (1985) proposed that the fullerene molecygahd same size are similar (see Table 2 in Leach 1995). The models
related species play an important role in interstellar physics aswhclude that a 60 atom PAH would be mostly neutral (PAH) and
chemistry. This argument is based on the stability of the “buclnionic (PAH") in the diffuse medium, and cationic (PAHlin
yball” structure of fullerene compounds, as observed in the lafpore irradiated clouds such as reflection nebulae near a hot star.
oratory and confirmed by ab-initio calculations (see also Kro®nly the model of Bakes and Tielens takes into account the sec-
1987, 1988 and references therein). The formation mechanisig ionization stage (PAH"). In the standard PDR model they
invoked to produce such spherical carbonaceous structuresaatept, 50% of the 60 atom species would be singly ionized, 35%
usually based on reactions in circumstellar shells, with precweuld be neutral and 15% doubly ionized. In the case of NGC
sors such as acetylene and corannulene (Goeres & Seldny®a3, the radiation field is 10 times fainter than in this model,
1992; Kroto & Jura 1992; Bettens & Herbst 1997). Another waso that the fraction of ' is even lower and we shall ignore
of obtaining fullerenes, together with polycyclic aromatic hyit hereafter. Laboratory work by Petrie et al. (1993) has shown
drocarbons (PAHS), is the photoerosion of larger hydrogenatedt G}, is the most stable species among 60 atom fullerenes,
amorphous carbon grains (Scott et al. 1997). Fullerene or fulleecause of its “exceptional unreactivity” with other interstellar
ane species have been searched for at various wavelengths imiaterial.
terstellar spectra. They have also been proposed as explanationhe cation ¢, has been proposed as a diffuse interstellar
for many unidentified interstellar bands: the extinction bump Band (DIB) carrier (leger et al. 1988). It possesses electronic
2175A, the diffuse interstellar bands, the infrared emission fearodes at wavelengths shorter thapm, identified by labo-
tures, and the extended red emission (Webster 1993a,b,c, 1986dry spectra in rare-gas matrices (Fulara et al. 1993), which
The Gy UV absorption spectrum shows a band at 3860were expected to be observed in absorption in the interstellar
(Heath et al. 1987). Snow & Seab (1989) and Somerville faedium. Foing & Ehrenfreund (1994, 1997) have observed ab-
Bellis (1989) have searched for this feature without any clesorption features at 9577 and 9682long a few lines of sight,
which could correspond to these modes. This assignment of the
two near-IR bands to &, however, is debated (Maier 1994,
‘::L%nniskens et al. 1997) and we will discuss this point carefully
i Sect. 2.

1. Cgo and related compounds in the interstellar medium
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10 - Fig. 1. The SWSO06 spectrum of the

7| reflection nebula NGC 7023 in the
wavelength range 7.0-8im at the

4 maximum resolution ofA/AX =

4 1900. The locations of thejg emis-
sion bands measured in the labora-
tory (Fulara et al. 1993) are marked
by vertical lines. The spectrumis the
mean value of upwards and down-
wards scans, rebinned at a resolu-
tion of 0.0042um. One-half the dif-
ference between upwards and down-
_| wards scans reduced independently
- isalso plotted to provide an estimate
of the noise. The minor mismatch
at around 7.9um is due to the split
of the spectrum into two subscans
(see Sect. 4). The calibration curve
of one typical detector (number 18)
is also plotted. At 8.02m, we de-
tect the 0—0 S(4) rotational line of
molecular hydrogen, which will be

7.5 8.0 8.5 addressed in a future paper (Sellgren
Wavelength (um) et al. 1999).

NGC 7023

AL (107 Wm ™ um™'sr™)
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The G, species would re-emit any energy absorbed froadent width, and thus to a lower abundance range ﬂx’ar Q.25
a neighboring star through its four IR modes. Two of thede 0.52% of interstellar carbon (with C/H from Cardelli et al.
modes have been measured in the laboratory to fall at 7.11 41996). The reason for this disagreement is a different evalua-
7.51um (Fulara et al. 1993). The goal of this paper is to seartion of the telluric contribution in the DIB profiles. Maier (1994)
for the vibrational signature of & in the high signal-to-noise and Jenniskens et al. (1997) are both very cautious concerning
spectrum of the reflection nebula NGC 7023. We will also seartite G}, identification, on the basis of: i) the absence of weaker
for Cg¢ bands, measured in the laboratory at 7.0 and BmM5 bands in the ISM near 940Q which are expected from the lab-
(Kratschmer et al. 1990). oratory spectrum; ii) the difference in the intensity ratio of the
two bands in the laboratory and in interstellar spectra; and iii)
the larger shift in wavelength from the Neon matrix to the ISM
compared to the wavelength shift between rare-gas matrices and

The laboratory spectrum of{g shows two electronic bands atthe gas phase measured in similar molecules.

9583 and 9643 (10435 and 10368 cm') in a Neon matrix As an attempt to clarify this situation, we propose an alter-

(Fulara et al. 1993). The corresponding absorption bands h&@e determination of thejGabundance through its vibrational

been searched for in the interstellar medium (ISM), taking infnission bands. lonization models (Bakes & Tielens 1995) pre-

account the wavelength shift induced by the matrix polarisabflict the neutral Gy abundance to be of the order of 0.7 times

ity. The two new interstellar bands observed at 9577 and $632he G}, abundance.

(10442 and 10382 cmt) by Foing & Ehrenfreund (1994, 1997)

have been tentatively assigned to the cation fullerefie B

deduce the abundance from the observations requires an estimnas+ . ,

tion of the oscillator strength. The most reliable estimafes ( @%60 in the infrared

0.003-0.006 from Fulara et al. 1993) lead to a total abundarkiee IR laboratory spectrum ofighas been measured ina Neon

of 0.6 to 1.2% of cosmic carbon in this species alone (Moutooatrix (Fulara et al. 1993) and exhibits two bands at 7.11 and

et al. 1996a), if the C/H ratio is taken as the solar value (37751m (1406 and 1331 cm'). We reproduce the laboratory

x 10~%). With a more recent estimate of the interstellar C/ldpectrum in Fig. 2, courtesy of the authors. Two other bands are

value (2.6x 10~%, Cardelli et al. 1996), & would contain expected for symmetry reasons, butthey have notbeen measured

0.85-1.7% of carbon. This is significant in comparison with treo far because their wavelengths are longer than theyh6.7

estimated abundance of PAHs in the interstellar medium, whi@00 cnt!) cutoff of the Fulara et al. experiment. Thg Gea-

is ~10-15% of cosmic carbon (Joblin et al. 1992, Sellgren &ires have widths of 0.0Zm (10 cn!) in the Neon matrix at

al. 1995, Jones et al. 1996, Dwek et al. 1997). low temperature. The ratio of the integrated cross-section of
More recent observations of the 9577 and 94F2Bs (Jen- the 7.11um band to the integrated cross-section of the 751

niskens et al. 1997) lead to a lower value of the measured equiand is measured to be 2.2 (Fulara et al. 1993).

2. Abundance of G, from its electronic transitions



C. Moutou et al.: Upper limit on & and G}, features 951

Can the broad 7.:m feature profile. In Case B, we assume that the
C60 in Ne matrix broad 6.2, 7.7, and 8@ features are each made of many over-
lapping bands from individual aromatic molecules, and that two
of the bands contributing to this emission complex could be due
to Cl,. The deduced abundance fof,Gvould be dramatically
different between these two cases, as is shown in Fig. 3. For both
Case A and Case B, we adopt Gaussian profiles with a FWHM
of 0.05um for the two G, bands, and we place the constraint on
any possible ¢, features that the ratio of the integrated cross-
section of the 7.14m band to the integrated cross-section of
the 7.51um band equal the laboratory value of 2.2 (Fulara et al.
1993). This constraint limits the maximum contribution ¢f,C
by requiring that in Case B the stronger of the twiy @atures
not exceed the total observed flux at 7.4 in NGC 7023.

impurities

4. Observations and data reduction

R

: Cso r|
-
Csc» mj\mjl‘ The exciting star of the reflection nebula NGC 7023 is the Be
! / i~~~ starHD 200775, which has an effective temperature of 17000 K
WL y JL,/ - (Strom et al. 1972). For detailed reviews of previous studies of
4 this object, see Lemaire et al. (1996) and Matrtini et al. (1997).
. . r Our SWS observations are higher spectral resolution than pre-
1400 1300 1200 e viously published mid-IR spectra of NGC 7023 from the Kuiper
from Fulara et al. 1993 Airborne Observatory (Sellgren et al. 1985) and from ISO with
Fig. 2. The vibrational laboratory spectrum of&neutral and ionized ISOPHOT-S and ISOCAM (Laureijs et al. 1996; Cesarsky et al.
species in the 6-8m wavelength range, from a Neon matrix experi1996)-
ment (by courtesy of Fulara et al. 1993). The data presented here were taken by the SWS spectrome-
ter on board the ISO satellite (Kessler etal., 1996) during revolu-
tion 455 (February 13th, 1997). We used the partial grating scan
The modes of neutral § are already known to lie at 7.0mode (AOT6, band 2C) of the SWS instrument (de Graauw et
and 8.45um (1435 and 1190 cm; Kratschmer et al. 1990). al. 1996). The position angle of the major axis of the SWS rect-
Temperature-dependence studies have shown that at 1000d6gular aperture (14x 20" for the wavelength range observed
shift of ~20 cnm ! could be expected (Nemes et al. 1994), confiere) was 2585 The aperture is thus located at the southern
pared to the cold heon matrix. edge of the northwestern filament observed by ISOCAM (as
In a similar way, Joblin et al. (1995) have shown that th&een in the 6.2 to 11,3n feature ratio, Cesarsky et al., 1996)
widths of PAH features measured in emission at high terand is parallel in orientation to this filament. In the SWS grating
perature in the laboratory are broadened by 0 tquénl(0 to spectrometer, light is dispersed along the major axis.
20cnT!') compared to absorption bands in a 4 K Neon matrix. Data gathered by the SWS spectrometer have a high redun-
They also emphasize that the observed wavelengths of PAH fdancy: 12 detectors and two grating scan directions (UP and
tures shift to longer wavelength with increasing emission ter@OWN hereafter), for a total of 24 individual spectral scans.
perature. The amount of the wavelength shift varies betwe€here are two grating steps per spectral resolution element
different vibrational modes of a PAH, but the redshift is in theAX = 0.0042 um); each spectral resolution element is thus
range of 0 to 0.km (0 to 20 cnT!) compared to PAHs at low observed independently 48 times.
temperature. No experimental studies have been published forTo reduce the data, we used the current SWS-IA version
ionic PAH species. It can nevertheless be expected thafe@- running at the Institut d’Astrophysique Spatiale (last update:
tures are broadened and shifted by 0 to 20éras well. The October 1997). The data reduction steps are summarized in de
two Cf, features we wish to detect are therefore expected to Gxaauw et al. (1996). The flux calibration was done with the file
at7.1-7.2um and at 7.5-7.6m. CAL25-2C-020. In the following, we detail our modifications
We have considered here two cases which are illustrateddrthe standard reduction scheme in order to improve the signal-
Fig. 3. In Case A, we assume that other carbonaceous sped@msioise (S/N) ratio.
such as PAHSs or very small grains, emitthe 6.2, 7.7, angdi®.6 First, we removed glitches due to cosmic rays from the spec-
emission features, and that the combined emission of these tea-For the band 2C detectors, glitches rarely affect more than
tures can be treated as a local continuum. We will not addressingle read-out (2 seconds). To detect glitches, we subtract
here the nature of these emitters. For Case A, we have searchedntinuum (a sliding boxcar on 15 points, withe2utliers
for C{, features at 7.1-7,2m and at 7.5-7.6m as weak fea- rejected) from each of the 24 individual scans, to create individ-
tures above the local continuum defined by the blue side wHl high-frequency (HF) scans. The individual HF scans, which
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: C ] the G/, abundance in NGC 7023. In Case A
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or ‘ ‘ ‘ B pear above a local continuum defined by the
70 v o v 4 v 6 v g blue side of the 7.am feature profile. The

best fits to the data, consisting of second-

__1of ] order polynomial continua plus Gaussians,

% gL B A are shown. In Case Béttorr), Cf, features

&) - B at 7.11 and 7.54m are two of many indi-

§ 6~ . vidual aromatic bands blended together to
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now contain unresolved lines, glitches and noise, are combirséns to a reference. The reference is defined by a linear fit
by wavelength. The combined HF spectrum has 48 points perall 12 DOWN scans. The scaling factor for each individual
resolution element; we smooth it with a 15-point sliding boxcacan is defined as the reference divided by a linear fit to the
to improve our S/N on the combined HF signal while retainndividual scan. If an individual scan has some fit points close
ing enough spectral sampling to detect true HF features in tioezero, the scaling factor becomes large and the amplification
spectrum such as unresolved emission lines. We subtract eheoise in the scan adversely affects the flatfield quality. To
combined HF signal from each HF individual scan, leaving imvoid this, we added a constant value (100 Jy) to all individual
dividual residual scans which in principle only contain noisgcans, performed the flatfield correction (multiplication by the
and glitches. We finally remove glitches from each individualcaling factors), then subtracted this constant value to produce
residual scan by 3-clipping, withc determined locally from a the final flux level. The final average spectrum was produced
10-point sliding boxcar. Between 10 and 20% of the data poimsth a sliding boxcar on a given binsize (0.0042 or mean
were identified as glitches. resolving power of 1900, Valentijn et al., 1996).

Second, we removed correlated noise, due to weaker glitchesIn order to be sure that the residual error includes any true
(not necessarily due to cosmic rays like, e.g., electrical noigiferences between the UP and DOWN scans, we performed
which occur in all 12 detectors at the same time. Correlatadsecond reduction in which we separated the UP and DOWN
noise is not always detected by the above glitch removal tectans just before the flatfield operation. The two scan directions
nigque, and can result in a false spectral feature which appeasse then flatfielded completely independently. This was used
broader than the spectral resolution (see Sellgren et al. 1998jly to calculate the residual error (UPDOWN)/2.

To eliminate correlated noise, we subtracted a continuum from

each scan to create individual HF scans, as described abgve; .. -
but then combined the HF scans in the time domain (at ez;%c'ﬁES“mate of the qo upper limit

reset point) rather than in the wavelength domain. We next silde will now derive an upper limit on the & and G, abun-
tracted from each individual HF scan the mean HF signal (af@ances, for both Case A and Case B. For this purpose, we com-
sigma-rejection) of all 12 detectors taken at each reset poipare the observed spectrum of NGC 7023 to a calculated emis-
The individual continuum is subsequently restored into easton spectrum of . This is more rigorous than extracting a
corrected HF scan. Unresolved lines remain unaffected by thigative value of ¢, emission compared to the PAH emission,
method as our sampling is dense enough. By applying this sigaapecially in the 7-8m domain, where the spectroscopic match
decorrelation, we reduced the rms noise by 5 to 15%. of PAHSs to the interstellar data is not yet proved. We will first

The two operations described above, to correct for glitcheBow the detailed calculation forfg; and then apply it to 6.
and correlated noise, were performed just after flux calibration.

As they were pgrformed.on the HF part of the signal they do oY Assumptions
depend on flatfield quality.
The third step in the data reduction is the flatfielding. WEhe G}, absorption spectrum we adopt for modeling purposes

used the standard SWS flatfielding routine to scale all individugiproduces the bandwidths and relative intensities measured in
laboratory experiments (Fulara et al. 1993). We use the wave-
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lengths and relative intensities of the long-wavelength modesGg, fluorescence quantum yield is not known, and so we assume
Ceo (at 17.3 and 18.9m) to approximate these modes if,C it is negligible. Including a finite amount of i fluorescence
since the long-wavelength modes gf,Qare predicted but not would have the effect of increasing our upper limit on thg C
yet measured. We assume the wavelengths of fhem@des do abundance. Our calculations, ignoring fluorescence, find that the
not depend on temperature, because we cannot predict thisfdeetion of the total emitted energy fromCis 35% at 7.1um,
pendence (although any wavelength shift is probably less thess at 7.5um, 10% at 17.3m, and 40% at 18.9m. This
0.1um). Itisimportant to note that the power emitted in thj:% C gives f7,m = 50% as the fraction of totalg emitted energy
features does not depend on the absolute value of the IR crassulting from emission at 7.11 and 7 &h.

section. The reason for this is energy conservation; the total Energy conservation requires thﬁio P (v)dv = PCG*U'

absorbed power is equal to the total emitted power, independegtonvert the emitted power spectrum from, @ an observed

of the cooling time between UV photons. total intensity spectrumic, . (v), we compare the power ab-
According to the thermal model (Sellgren 198&gder etal. 464 and re-emitted in thefCbands to the power absorbed

1989), the ex0|'Fat|on _of a species gfter a single UV or V'S'b}%d re-emitted by dust grainBy,s; andZ,.;. We derivel,;

photon absorption raises its vibrational temperature to a hlggm the integration of the SWS01 and LWSO1 speétfa of

value, determined by its size via the heat capacity. The emiss}\c?{_}‘C 7023 (Sellgren et al. 1999), over the wavelength range
results from the cooling by vibrational decay. To calculate the @—ZOOMm. Our value of },..; given in Table 1, 1.0< 103 W

emission spectrum of &, we thus have to model its absorption,, -2 sr, is compatible with previous measurements (Whit-

of stellar light and its emission in theim bands. comb et al. 1981)
he total power absorbed byiCmolecules near a star is ' ' : : : :
) T _ 6 The power thermally emitted by the entire grain population
given by: is related to the total stellar flux absorbed by dust by:
Peg, = Ney, / B W) oyyeg, (v) dv O A / (1 - w(®)) Fa(v) 00vaust(v) dv (3)

where F(v) is the illuminating stellar flux as a function ofwhere Ny, is the total number of hydrogen atons; v gus: is

frequencyv, oy, ¢+ (v) is the UV absorption cross-section pethe grain extinction cross-section normalized to one hydrogen

carbon atom for a g;, molecule, andNC;J is the number of atom, andu is the grain albedo. We adopt the extinction curve

carbon atoms in the observed source which are contained witBfrthe diffuse interstellar medium and the associated albedo as

Cg, molecules. given in Désert et al. (1990). We integrated over ten points in
The UV absorption cross-section of thg,@ation is not di- the UV-visible range.

rectly known from laboratory experiments. We therefore use the The fraction of carbon locked up inG fc., . . is then given

value measured from experiments on neutral PAHs, normaliZed

to one carbon atom, as it seems to be similar for graphite and P N NN T

PAHs and thus characteristic ofspybridized carbon (Joblinet fo, . = (fr,m) ™" LPaust / N <C> %o (4)

al. 1992, Verstraete & &ger 1992). We note that the absorption * cho / Nc;] Nu Taust

cross-section for an ionized species is expected to be Iargertiﬁg first term in this equation | the fraction of total ¢,
for a neutral one, especially in the visible (Leach 1987). Our as- . pom . .
P y ( ) ergy emitted at 7.11 and 7.pfn. The second term is the ratio

sumption thus probably underestimates the actual absorpti%
S . L - . of $tellar flux absorbed per hydrogen atom by dust to the stellar
which is suitable for determining an upper limit of the speme%ofux absorbed per carb(?n atgm b%CThis terzw is effectively
0

abundance. the ratio of the dust absorption cross-section to tfjeadsorp-
The emitted spectral energy distributidf,,, (), depends \B'é)” cross-section, weighted by the stellar flux. The stellar flux

on the infrared absorption cross-section as a function of wa roximated by a black body emission trum at the of
Iength,andthedetailsofhowthemoIecuIecoolsafterabsorptf (fPProximated by a black body emission spectrum at the et-

of a visible or UV photon, as described b@ger et al. (1989). ective temperature of HD 200775, i.e. 17,000 K. The third term

wie defnyy,.., the fraction ofthe total - emited energy &S e s
hich is emitted in the bands at 7.11 and 7.5, ; . L .
which s emi ! bor S an as term is our observed upper limit on the 7.11 and 7.61C/,

1.2 Pem(v) dv emission,/ .+ , divided by the observed total infrared emission

Jrum = m @) from dust,/4,s:. Our adopted values for all these terms used in
o e Eq. 4 are summarized in Table 1.

where the frequency limitg, andv, indicate an integration just
overthe 7.11 and 7.5dm bands. The total £+ emitted energy 52 Case A
will include emission in the g+ bands at 7.11 and 7.54n,
emission in the g+ long-wavelength modes (approximated.et us consider Case A, as presented in the top panel of Fig. 3,
by the Gio modes at 17.3 and 18.8n), and possibly also somewhere the two ¢, bands are small bumps on top of a local
unknown amount of fluorescence. Such fluorescence is obsergedtinuum. We adopt a second-order local continuum and we
in some neutral aromatic species (Negri & Zgierski 1994). Tlig each small bump with a Gaussian of 008 FWHM. The
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Table 1.Summary of calculated quantities and observables which lefghatures at 6—2m, as has been proposed in the PAH model

to an upper limit on the g abundance in NGC 7023. (Léger & Puget 1984, Allamandola et al. 1985). If this view of
the origin of the interstellar emission features at G#9is cor-
Pyt [No 7.7x 10 wcC! rect, then this has the interesting implication that0? differ-
Piyst/Nu 1.35x 102" WH™! ent aromatic species would be required to account for the entire
Tiust 1.0x 10 Wm 2 sr! 6—-9um emission complex. Itis not clear, however, whether such
I+ (CaseA) <20x 107" Wm s a mix of aromatic molecules could also account for the underly-
Icy (CaseB) <19x10°wWm2s? ing smooth continuum at 1-14m, particularly in wavelength
Nc/Nu 26x 1074 regimes where PAHs do not have vibrational transitions.

Our Case B upper limit on the g abundance is set simply
by the total observed flux at 7.1dn in NGC 7023. If there are
residual emission at 7.11 and 7 /&, after continuum subtrac- a@dditional aromatic molecules which contribute to the observed

tion, is only significant at the 2.5-level and thus we considerflux at 7.11um, as seems likely, then our upper limit to thg,C
this to be an upper limit on the maximum integrated energy abundance 0%0.26% of interstellar carbon is an overestimate.
any G, features. We estimate this upper limit to .0 x

107 W m~2 sr~* for the sum of both bands. The deduced ugs.5. Neutral G,

per limit for Case A is<0.027% of carbon atoms contained in
C., towards NGC 7023 (Eq. 4). We also searched for the neutraj,Cleatures near 7.0-7.1

and 8.45-8.am (Kratschmer et al. 1990, Nemes et al. 1994).
We found no resolved emission features at the expected wave-
5.3. Case B lengths. We estimate an upper limit on the neutrg) &bun-

We now consider the other extreme, Case B, where we pl&&nce using the Case B method, by assuming that all of the the
an upper limit on @, as illustrated in Fig. 3b. We again adopPPserved fluxin NGC 7023 at 7,0n is due to G,. We require
Gaussians of width similar to those measured in the laboff2t the ratio of the integrated cross-section of the gri%hand

tory (FWHM = 0.05:m), for both the 7.11 and 7.54m bands, 0 the_mtegrated_cross—secuon of the #rf band matches the
and require that the ratio of the integrated cross-section of f¢Perimental ratio of 0.75, and we assumed that the features
7.11umband to the integrated cross-section of the Zuiband Were Gaussians with a width of 0.05. We find an upper limit
equal the laboratory value of 2.2 (Fulara et al. 1993). These f#LIc,, (Case B) 0f<2.0 x 107° W m~2 sr™*. We follow the
quirements for our Case B upper limitimply that all the emissictfRMe procedure for g as for %.as our calculation did not

at 7.11um, but only part of the emission at 7.5in, is due to make any corrections for the ionization state of the fullerene.
C, in the observed spectrum of NGC 7023. This implies a Case B upper limit for the abundance of the neu-

For Case B, the upper limit on the total energy emitted B! Ceo molecule of 0f<0.27% of interstellar carbon.
C at 7.11 and 7.54m is <1.9 x 10-0 W m~2 sr1. This lonization models predict that the neutraiCabundance

leads to an upper limit on the;Cabundance 0£0.26% of the Should be~0.7 times the ¢, abundance in the highly illumi-
interstellar carbon in NGC 7023. nated environmentfaa B star (Bakes and Tielens 1995). Our
Case B upper limits on the abundances g@fy @nd qo, re-
spectively<0.27% and<0.26% of interstellar carbon, do not
contradict the predictions of ionization models, as we do not

Our Case B method gives an upper limit on thg @undance detect either molecule in NGC 7023.
(<0.26% of interstellar carbon) which is just compatible with
the G}, abundance (0.25-0.52% of interstellar carbon) inferr
from the DIBs observed at 9577 and 9682y Jenniskens
et al. (1997). Our Case B results, however, are significanilye have searched for the vibrational emission bandsgf C
lower than the @, abundance (0.85-1.7% of interstellar camt 7.11 and 7.54m, and of Gy, at 7.0 and 8.45m, using
bon) inferred from the DIB observations of Foing & Ehrenfrea new 1ISO spectrum of the reflection nebula NGC 7023. We
und (1994, 1997). Our upper limit on the{Cabundance from do not detect emission from either fullerene molecule, and we
Case A £0.027% of interstellar carbon) is a factor of ten beloylace upper limits on their abundances. Our upper limit on the
the G}, abundances inferred from any of the DIB observation€;, abundance, from the lack of observed vibrational emission,
We note that the identification of the 9577 and 983RIBs s independent of other estimates based on assigning diffuse
with CZ,,, however, is still debated (Foing & Ehrenfreund 1994nterstellar bands at 9577 and 96820 electronic absorption
1997; Maier 1994; Jenniskens et al. 1997). We also note thainds of G, (Jenniskens etal. 1997, Foing & Ehrenfreund 1994,
if the C{, fluorescence quantum yiel@y, is not negligible, it 1997).
would raise both our Case A and Case B upper limits by a factor If we assume that all of the flux observed toward NGC 7023
of (1—Qp)~ . at 7.11um is due to G, then we derive an upper limit on the

In Case B, we assume thagCis one of many narrow C}, abundance 0&0.26% of interstellar carbon toward NGC
(FWHM ~ 0.05;m) aromatic bands blended together to emit023. This upper limit is just compatible with the Jenniskens

5.4. Comparison of ¢, abundances from different methods

%‘.j Conclusions
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